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PROVISIONAL SPECIFICATION 
Improvements in Sources of Light comprising a High-pressure 
Mercury Vapour Electric Discharge and an Incandescent 
Filament in Series with it 

We The General Electric Company lity, the effieiencyof the combination if 
Limited, of Magm 1 House, King-sway, the red content is mereased ^nsuler- 
Lmidon " W ( ! 2 a British Company, do ably, is always much less than that of the 
hnebv declare the nature of this inven- discharge lamp alone Further, since the 
5 ion % communication from Patent- filament has to carry the starting current I 
° Preuhai II ,i i 1 1 " hi vhich is u uallj much largei than the 

Gluhlampen m.h.H., of 11/14 Ehren- operating current , it is apt to burn out 
bergstrasse, Berlin 0.17, Germany, a quickly so that lite a: 
German company) to be as follows: — 
10 This invention relates to sources of 
light of the type comprising a high-pres- 
sure mercury-vapour electric discharge 
and an incandescent filament in series 
with it. In such combinations the inean- 
15 descent filament is usually in the space 
between the discharge envelope and an 
outer jacket surrounding it. The term 
" nc rcury " dees not exclude the pre- 
sence of substances, additional to mer- 
20 cury, which may contribute appreciably 
to the light emitted. 

In such combinations the primary pur- ment. 
pose of the incandescent filament is " 
usually to increase the proportion of red 
25 light in the light from the source. On a 
scale known to those skilled in the art, 
the percentage of red light in the light 
from the discharge is only about 1.3 m 
the light from the incandescent fil: 
Rf i (which is usually underrun) at • . , ,, „ - . 

k* ■■ * ,-' ■->•:■ « !±1 TfcSl » Sfc±L "S 



well as efficiency 



The object of this invention is to over- 6 
come these difficulties and to obtain a red 
content as high as those in known sources 
of light of the type specified but with 
higher efficiency and/or longer life. 

This is achieved according to the inven- c 
tion by operating the source from A.O. 
witb a reactive impedance in series with 
both the filament and the discharge, the 
voltage drop across the reactive imped- , 
ance being preferably substantially ' 
greater than that across the fiba- 
It is surprising thai the effi- 
ciency can be increased by this means; 
for the reactive impedance will always 
absorb some pow r er which is not converted 
into light. It appears hitherto to have 
been believed that the most favourable re- 
tii suits would be obtained if the whole of 
ent the difference between the supply voltage , 
least and the voltage across the discharge — 1 



Consequently by mixing the light 
from the discharge and the filament a per- 
centage approximating to that of day- 
35 light may he obtained. 

But the luminous efficiency of the fila- 
ment is much less than that -of the dis- 
charge, for example 13 lumen/watt as 
against 40. Accordingly the increase of 
40 red is necessarily attained «t. 



power dissipated b\ Ihis difference 
voltage is dissipated in the filament. The 
discovery on which the invention rests is 
that this belief is untrue. f 

The reason for this surprising fact 
forms no part of the invention. But it 
appears to be two-fold. First, the use of 
the reactive impedanae enables the pro- ^ 
portion of the supply ^ voltage ^ that 



fice of efficiency. In order to minimise applied to the terminals of the discharge 

its sacrifice, the filament is usually em- to be increased; this proportion is limited 

ployed as the si rf th< as is well known, by. the tendency of the 

1 f the usual (hoi oi discharge to be extinguished by 



45 other reactive impedance. The power 
necessarily lost in even the best practic- 
al, > reactive impedances is thereby used 
profitably; bur since more power # is 
nlwavs lost in a resistor ihon in a reactive 
50 impedance that produces tie same atabi- 



dental variations in the supply voltage. £ 
Second, it decreases the ratio of the 
initial current during the run up to the 
final operating current and thus enables 
the filament to be operated at a higher 
loading' in full operation without over- 1 



511,199 



loading 1 during- the run up. 
_ The reactive impedance preferably con- 
sists of- a choke in series with the filament 
and the discharge together with a con- 
5 denser shunted across filament and dis- 
charge in series. But this arrangement 
is not essential. In particular the con- 
denser may he across the discharge only, 
or in series with the other elements; or it 
1U may be absent altogether or there may be 
only a condenser and no choke, in series 
with the discharge and filament. If it is 
in. the preferred position its impedance at 
the operating frequency should b e several 
15 times that of the choke. 

- The advantage that may b e obtained 
tram the invention will now be illustrat d 
by one example. 

The supply is from 220-volt A.C. 
mams. The source and its stabilising im- 
pedance are to consume 120 watts. If a 
high-pressure mercury-vapour ' -lamp 
operating at a pressure of some 10 atmos- 
pheres were connected across the supply 
m series with a filament only, the voltao-e 
across it, could hardly exceed 73 ; it would 
then consume 40 watts with an efficiency 
of about 27 lumen /watt. The filament 
consuming 80 watts, would have to be 
rf'J underrun so that its efficiency was about 
9 hunen/watf. Consequently the total 
efficiency would be 

(27x40 + 9x80)/ 120 
= (10SO + 720) / 120 = 1800/120 
35 . = 15 lumen /watt. 

On the other hand if a " suitable re- 
active impedance is. used, the voltage 
across the discharge can be raised to 120 
volts; the discharge will then consume 
40 some 73 watts with an efficiency of about 



40 lumen /watt. 10 watts will be dissi- 
pated in this impedance ; consequently 37 
watts, can be consumed in the filament, 
the voltage across it being some 55 ; its- " 
efficiency, since it is less underrun, can 45 
be 13.5 lumen/ watt. The total efficiency 
now is 



(40x73 + 13.5x37)/ 120 
= (2900 + 500) / 120 = 3400/120 
= 28 lumen /watt. 



50 



25 



The percentage of red light will be re- 
duced by the change from about 11 to 5 ; 
but 5% w.ill be sufficient for many pur- 
poses. The percentage may be increased 
by the use in known manner of lumines- 55 
cent materials emitting red light; by this 
means the effective percentage of red 
light in the light from the discharge may 
be increased from 1.3 to 6.3. If this de- 
vice is used in both lamps, that without 60 
the reactive impedance gives a percentage 
of red light 

(6,3 x 1 080 + 25 x 720) /1800 = 13.8% , 

that with the stabilising impedance gives 



(6.3 x2900 + 



x 500)/ 3400 = 9.1%. 



65 



_ Since the proportion of red light in the 
high pressure mercury-discharge in 
creases with the pressure during opera- 
tion, still better absolute results are ob- 
tained if higher pressures in the dis- 70 
charge are used. But (lie advantage de- 
rived from the invention still persists.- 
Dated the 15th day of February 1938 " 
NORMAN E. CAMPBELL, 
For the Applicants. 



COMPLETE SPECIFICATION 
Improvements in Sources of Light comprising a High-pressure 
Mercury Vapour Electric Discharge and an Incandescent 
Filament in Series with it 



We, The General Electetc Company 
Limited, of Magnet House, Kingsway. 

75 London, W.C.2, a British - company, do 
hereby declare the nature of this inven- 
tion (a communication from Pafent- 
Treuhand-Gesellschaft : "fur elektrischp 
Gliihampen m.b.H, of 11/14 Ehrenberg- 

80 strasse, Berlin "0.17, Germany, a German 
company) and in what manner the "same 



electric supply of prescribed voltage, of 
the type wherein the source of light is of 
the kind oomprish g high -pi sure mer- 90 
cury vapour electric discharge 
(HPMT) lamp with an incandescen fij 
ment in series with the discharge. The 
term " mercury does not exclude the 
presence of substances, additional to 95 
T l 1 V V "r\ mam ^ r T 1 Jle 1 sa ? le mercury, which may contribute appreci- 
be performed to be particularly de- ably to the light emitted." The incandes- 
scribed and ascertained m and by the cent filament is usually in the space be- 
folWing-statement:- - tween the discharge envelope and an outer 

1 Ll 1 1 1 i 0 era ibi latum icket surrounding j • 1ftn 

of a source of light with eircui^elements, In such combinations the primary pur- 
adapted to operate from an alternating pose of the incandescent filament is 
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usually to increase the proportion of red 
light in the light from the source. On a 
scale known to those skilled in the art, 
the percentage of red light in the light 
5 from the HPMY lamp (usually called the 
" red ratio ") may be only about 1.3; in 
the light from the incandescent filament 
(which is usually underrun) it may be at 
least 25; the percentage in day-light is 

10 about 12. Consequently by mixing the 
light from the discharge with that from 
the filament a percentage approximating 
to that of day-light can he obtained. 
But the luminous efficiency of the fila- 

15 ment is much less than that of the 
11 I'M Y lamp. Accordingly, if a red ratio 
greater than that characteristic of the 
HPMY lamp is to he obtained by mixing 
with it light from an incandescent fila- 

20 ment, the efficiency of the combination 
must be less than 'that characteristic of 
the HPMY lamp. It appears to have been 
thought hitherto that the greatest effi- 
ciency is obtained by using the filament 

25 as the whole of the stabilising impedance 
that is required by the discharge, and 
abolishing 1 entirely the usual choke or 
other reactive impedance. For the best 
practicable " reactive " impedance 

80 always consumes some power, which does 
not contribute at all to the light; it 
appears to have been thought that if all 
the power consumed is consumed in a 
light-giving element, the efficiencv must 

35 he greater than if some is consumed in an 
element which gives no light. 

It is to be observed that if it is decided 
th , 11. lul ili I. g impedani e in series 
with a given HPMY lamp, consuming a 

40 given power on a given supply voltage, 
is to be entirely resistive (as is a filament) 
and is to be no greater than is required to 
stabilise the discharge, the relation that 
can be obtained between efficiency and 

45 red ratio is closely limited. For the cur- 
rent through the HPMY lamp and resist- 
ance and the voltage across the resistance 
will all be fixed; the power consumed in 
the resistance will be fixed. The only 
50 variable is therefore the temperature of 
the filament, which can be varied by 
varying its dimensions. For a given life, 
an 'upper limit to the temperature during 
normal operation is, set by the overloading 

55 of the filament during the initial stages 
of the run-up; this limit is well below 
that at which the filament would nor- 
mally be operated alone in an incandes- 
cent' lamp. Within the range of tem- 

60 perature thus available, the efficiency 
and the red ratio of the combination in- 
crease together with rise of temperature. 
Accordingly the temperature is usually 
adjusted so" as to give, at least approxi- 

65 matelv, both the maximum efficiency and 



the maximum red ratio, that are attain- 
able at all for a given life, subject to the 
condition that all the stabilising imped- 
ance is to be resistive. _ 

The object of this invention is to re- 70 
move this limitation and to enable greater 
efficiency for a given life to be obtained 
together -with a 'red ratio, which though 
necessarily less than that obtainable with 
lower efficiency, is yet much greater than 75 
that of the HPMY lamp at all and is 
known to bo sufficient for many purposes, 
for example a red ratio of 5%. In 
making comparisons to ascertain whether 
the object of the invention is attained, the 80 
HPMY lamp must be of the same com- 
mercial type and the filament of the same 
material in both the states compared. 

The object is attainable because the 
aforesaid belief has. been found to be Tin- 85 
true. It is not true that the addition to 
the resistive filament of a reactive stabi- 
lising impedance, which must consume 
some power without emitting light, 
necessarily decreases the maximum effi- 90 
ciency. 

The reason for this ia.'t forms no part 
of the invention. But it appears to be 
two-fold. First, the use of the reactive 
impedance enables the proportion of the 95 
supply voltage that is applied to the ter- 
minals of the discharge to be increased; 
this, proportion is limited, as is well 
known, by the tendency of the discbarge 
to be extinguished by accidental varia- 100 
Hons in the supply voltage. Again the 
ratio of the initial current during the run 
up to the final operating current can be 
decreased, so that the filament can be 
operated at a higher loading in full opera- 105 
Hon without over-loading during the run 

up- 
According to the invention the afore- 
said object, is attained by including 
among the said circuit elements at least 110 
one which both has a reactive impedance 
and is in series with both the filament and 
the discharge, the E.M.S voltage drop 
across the said reactive impedance in full 
operation being not much less and prefer- 115 
ably somewhat greater than that across 
the" filament. The presence of other re- 
active elements, not in series with the 
discharge, is permissible and often desir- 
able. 120 

The choice of the reactive circuit ele- 
ment's) can be made by the combination 
of calculation with trial that is usual in 
designing circuit elements to be asso- 
ciated with HPMY lamps. The elements 125 
commonly used may be adapted. Thus, a 
simple choke (less often a condenser) in 
series with the discharge is often used, 
and may be employed. But it is gener- 
ally preferable to use in known manner 130 
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both a choke and a condenser. The con- 
denser and choke may he both in series 
with the HPMV lamp and the fib n< ii 
or the choke may he in series with the 
5 HPMV lamp and filament, and the con- 
denser in parallel either with the filament 
or with the HPMV lamp or with both. A 
choke in series with the load (i.e. the fila- 
ment and discharge in series) can be re- 

10 placed by its known equivalent, namely 
the leakage reactance of a stray-field 
transformer to whose primary the supply 
is connected and from whose secondary 
the load is supplied. On" the other hand 

15 the secondary of a close-wound trans- 
former from which the load is supplied is 
not to be regarded as a reactive imped- 
ance in series with the load; for, as is 
well known, the impedance of the 

20 secondary of such a transformer does not 
affect, the operation of the combination, 
except in so far as it is. involved in the 
transformation ratio of the transformer. 
The two preferred alternatives are 

25 shown in Figures 1 and 2 of the accom- 
panying' drawing. In each figure, 1 is 
the HPMV lamp, 2 the. incandescent fila- 
ment, 3 the choke, and 4" the condenser, 
5 the terminals to be connected to the 

80 supply. In Figure 1 the condenser is in 
series with the choke, in Figure 2 it 
shunts both the lamp 1 and the filament 
2. In Figure 2 the impedance of the 
condenser at the operating frequency 

35 must, of course 1 i dly gieatei 

than that of the lamp and th 6 filament in 

It will be seen that, if the HPMV lamp 
and filament were replaced by a HPMV 

40 lamp alone, the arrangements shown in 
Figures 2 and 1 would be respectively 
those described and claimed in Patent 
Specifications Nbs. 480,586 and 491,070. 
The principles of design set forth in those 

45 specifications will provide, to those 
skilled in the art, a sufficient guide to 
appropriate values of the inductance of 
the choke and the capacity of the con- 
denser. 

50 The advantage that may be obtained 
from the invention will now be illustrated 
by one example. 

The supply is from 220-volt A.C. 
mains. The source and its stabilising 

55 impedance are to consume .120 watts. If 
a HPMV lamp operating' at a pressure of 
some 10 atmospheres were connected 
across the supply in series with a filament 
only, the voltage across it could hardly 

60 exceed 73 ; it would then consume 40 
watte with an efficiency of about 27 
lumen /waft and a red ratio of about 1.3%. 
The filament, consuming 80 watts, -would 
have to be underrun so that its efficiency 

65 was about 9 lumen / watt and its red ratio 



about 29%. Consequently the total effi- 
ciency would be 

(27x40 + 9x80)/120. 
= (1080 + 720) / 120 = 1800 / 120 

= 15 lumen /watt, 70 

and the total red ratio about 12%. 

On the other hand if a suitable reactive 
impedance is used, the voltage across the 
discharge can be raised to 120 volts; the 
discharge will then consume some 73 75 
watts with a higher efficiency, namely 
about 40 lumen /watt; for it "is known 
that the efficiency of a HPMV lamp in- 
creases rapidly with the watts consumed, 
when the watts are so low; but the red 80 
ratio will still be about 1.3%. 10 watts 
will be dissipated in the impedance; con- 
sequently 37 watts can be consumed in 
the filament, the voltage across it being 
some 55; its efficiency, since it is less 85 
underrun, can be 13.5 lumen'/ watt; its 
red ratio will be about 25%. The total 
efficiency now is 

40 x 73 + 13.5 x 37)/ 120. 
= (2900 + 500)/ 120 -='3400/ 120 90 
- 28 lumen /watt, and the Ted ratio about 
5%. 

The red ratio will be reduced by the 
change 'from about 12 to 5 ; but, as has 
been said, 5% will be sufficient for many 95 
known purposes. For these purposes, the 
increase in efficiency will greatly out- 
weigh the decrease in red ratio. 

The red ratio may be increased by the 
use, in known manner, of luminescent 100 
materials emitting red light; by this 
means the effective red ratio light in the 
light from the discharge may be increased 
from 1.3 to 6.3%. If this device is used 
m both sources, that without the reactive 105 
impedance (the red ratio of the filament 
being again 29%) gives a red ratio. 

(6.3 x 1080 + 29 x 730) ,'1800 = 15 .4%, 
that with the stabilising impedance (the 
red ratio being again 25%) gives no 
(6 . 3 x 2900 + 25 x 500) / 3400 = 9 . 1 % . ' 

Since the red ratio in the high-pressure 
mercury-diseb a-rge increases with the pres- 
sure during operation, still better absolute 
results are obtained if higher pressures in H5 
the discharge are used. But the advan- 
tage derived from the invention still per- 
sists ; the efficiency obtainable when the 
reactive element is included will still be 
greater, for a given life, than when it is 120 
absent. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 125 
claim is : — 
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1. A combination, of the type speci- 
fied, of a source of light with circuit ele- 
ments adapted to operate it from an alter- 
nating electric supply of prescribed volt- 
5 age, wherein the said circuit elements in- 
clude at least one which both has reactive 
impedance and is in series with both, the 
filament and the discharge, the R.M.S. 
voltage across the said element in full 

10 operation being not much less (or prefer- 
ably somewhat greater) than that across 
the filament whereby the red ratio of the 
combination is much greater than that of 
the HPMV lamp alone and the luminous 

15 efficiency of the said combination is 
greater for ;a given life than it could be if 
no circuit element bad reactive imped- 



ance, the HPMV lamp being in both cases 
of the same commercial type and the fila- 
ment of the same material.^ 20 

2. A combination according to Claim 1 
wherein the said circuit element is a choke. 

3. A combination according to Claim 2 
comprising also a condenser in series with 
the said choke, the discharge and the fila- 25 
meat. 

4. A combination according to Claim 2 
comprising also a condenser in series with 
the choke but in parallel either with the 
HPMV lamp or with the filament or with 30 
both. 

Dated tbe 18th day of November, 1938. 
NORMAN R- CAMPBELL, 
For the Applicants. 
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